ABSTRACT Pakistan has shown drastic expansion of tuberculosis (TB) care during the past 10 years, increasing case notifications from 11 050 in 2000 to 248 115 in 2008. Over 1 million TB patients have been cared for since 2000, with a treatment success rate of 91% in 2007. This paper examines the strategic decisions and infrastructure improvements underlying this achievement, such as the implementation of universal DOTS coverage, expansion of the laboratory network, effective drug management systems, improved communication strategies, and inclusion of private practitioners, laboratories and hospitals in the TB control programme through the publicprivate mix strategy. The paper also outlines challenges faced in further expanding TB control within the private sector and parastatal health care institutions; strengthening the laboratory network for diagnosis of drug-resistant TB; and ensuring uninterrupted supply of quality anti-TB drugs, all requiring continued and coordinated technical and donor support. 
Introduction
Tuberculosis (TB) is globally the second most common cause of death from infectious diseases, killing almost 2 million people annually. An estimated 8 million new TB cases occur every year, of which 80% are among people in the most economically productive age groups [1] , representing a major economic burden for individuals and countries [2] . Twenty-2 high-burden countries account for about 80% of the total TB disease burden worldwide. Although sub-Saharan Africa has the highest incidence rate, Bangladesh, China, India, Indonesia and Pakistan together account for half of the global TB burden [3] . The 2008 estimated incidence in Pakistan of 181 cases of TB per 100 000 population, or 297 000 cases, and of 81 new sputum smear positive (SS+) cases per 100 000 population, or 133 000 cases, is likely an underestimate of the true burden of disease [3] . The 2008 estimates have recently been revised through a consultative process with the country, applying a new methodology that takes into account the "missed" cases and, in the absence of a prevalence survey, uncertainties in estimates reflected in large confidence intervals.
According to previous estimates, the case detection rate for all TB cases gradually improved from 19% in 2002 to 84% in 2008; for new SS+ cases the case detection rate increased from 13% to 74%. However, with the recent higher estimates of TB incidence, the case detection rate for all TB cases is about 60% and for new SS+ cases is about 58% [4] .
Nevertheless, the Pakistan National Tuberculosis Programme (NTP) has achieved a remarkable and steady improvement in numbers of TB cases detected, from 11 050 in 2000 to 248 115 in 2008, and treatment success rates reached 91% in 2007. This has been achieved through extraordinary commitment and financial inputs by the Government and health development partners, providing support for strategic and infrastructure improvements by the NTP.
The World Health Organization (WHO) Directly Observed Treatment Short-course (DOTS) strategy for TB was adopted and piloted in Pakistan from 1995 onwards, but major progress in TB control was only achieved after the revival of the NTP in 2001 when TB had been declared a national public health emergency through the "Islamabad Declaration". The NTP functions under the Ministry of Health and is responsible for overall coordination, policy direction and technical guidance for TB control, while actual implementation is the responsibility of the Provincial TB Programmes (PTPs) and district health authorities. The NTP central unit links closely with PTP managers and district TB coordinators.
TB services are integrated into the primary public health care system at district level. However, the private sector is regarded as the first point of entry to the health care delivery system for most users, and the majority of private providers are not following NTP guidelines [5] [6] [7] . A 2003 survey conducted by the NTP and PTPs in Lahore and Rawalpindi districts found that less than 3% of general practitioners (GPs) were following the national guidelines for diagnosis and management of TB, while 90% of GPs were relying on chest radiography for diagnosis [8, 9] .
At the end of July 2009, 115 463 doctors were registered with the Pakistan Medical and Dental Council while 42 700 registered facilities were providing formal and informal medical services, of which 69% were clinics and pharmacies, while 550 were private hospitals.
Parastatal health services form another point of entry outside the public health care system and NTP regulation. Overall, 32 federal ministries and the cabinet secretariat with 208 autonomous (parastatal) bodies provide health services to 389 923 employees and their dependants [10] , not including the Ministry of Defence, which has its own specific budgetary outlay for health services.
In recent years, a high priority has been given to developing viable partnerships with health care providers in the private sector, adopting a systematic approach consistent with WHO guidelines [11] . Additional initiatives such as an improved surveillance and laboratory network and improved follow-up and treatment modalities, funded by global and national sources, have contributed to the significant improvement in case detection and treatment success rates outlined above. The objective of this review is to highlight the achievements of Pakistan's NTP over the past decade and to outline the outstanding priorities and challenges for the future.
Methods
An extensive literature review was undertaken. Research papers on TB in Pakistan, NTP annual reports, donor reports, joint partner review reports, technical guidelines and project proposals were analysed.
Results

Epidemiology of TB
TB is highly epidemic in Pakistan. According to the latest WHO estimations, the incidence, prevalence and mortality of TB in Pakistan are 230 per 100 000, 310 per 100 000 and 39 per 100 000, respectively. This indicates 410 000 incident cases of TB and 69 000 TB deaths in Pakistan every year. Pakistan is the sixth highest TB burden country in the world and by far the largest among the 22 countries of WHO's Eastern Mediterranean Region. The NTP and partners are planning to conduct a disease prevalence survey for TB in (Figure 2 ) due to a reduction of the default rate to under 4%, and low death, failure and transfer out rates (2%, 1% and 2%, respectively). However, the increase in notifications has slowed down since 2007, with only Punjab province reporting a substantial increase in notified cases and the majority of districts showing either stagnant or declining case notifications (Table 1) .
Programme planning and strategic framework
Following the "Islamabad Declaration" the Government of Pakistan called upon its development partners to make concerted efforts to control the disease. A 5-year plan was devised leading to universal DOTS coverage in the public sector towards the end of 2005. The funding was lined up efficiently by the federal Ministry of Health and provincial Departments of Health, with responsibilities delineated and TB control activities integrated into the primary health care system. DOTS implementation was characterized by challenges concerning human resources, suboptimal quality of services at public health outlets and lack of commitment at peripheral levels. District implementation plans were developed and executed through a phased approach until the expansion of DOTS services to all tiers of the district health system was achieved. The devolution process necessitated liaison with district governments to ensure sufficient allocations for the procurement of anti-TB treatment (ATT) drugs, as 90% of drug procurement was performed by provinces and districts.
Universal DOTS coverage (DOTS All Over) was achieved in the public sector in 2005. Reaching DOTS All Over signified the availability of free diagnosis and treatment for TB patients in all districts in the public sector health care delivery network. Subsequently, the government approved the NTP federal workplan (PC-1) for 5 years starting from the financial year 2006/2007 and allocated 1.181 billion Pakistan rupees (PKR), equivalent to US$ 14 million, for TB-related activities, including staff training, expansion of the laboratory network, availability of quality drugs, surveillance, monitoring and evaluation, intra-and intersectoral partnerships, research and development, publicprivate mix (PPM) and behaviour change communication. In order to effectively complete these activities, the NTP has expanded its central unit with relevant expertise in laboratory, monitoring and evaluation, programme planning and management, as well as in advocacy, communication and social mobilization and research.
Partnership building
An interagency coordinating committee guides donor support and the multiple partners' technical assistance for the programme. The NTP and PTPs organize annual joint programme reviews on TB care in Pakistan, in collaboration with all partners [Department for International Development (DFID), Family Health International (FHI), German Leprosy and Relief Association (GLRA), German Development Bank (KfW), German Technical Cooperation (GTZ), Japan Anti-Tuberculosis Association/ Research Institute for Tuberculosis (JATA/RIT), Japanese International Cooperation Agency (JICA), Royal Netherlands Association for the Prevention of Tuberculosis (KNCV Tuberculosis Foundation), International Union Against Tuberculosis and Lung Disease (The Union), United States Agency for International Development (USAID)] through WHO support. The recommendations of these reviews guide the follow-up action at the relevant operational level. A country coordination mechanism has also been formulated to facilitate partners' coordination, particularly for the implementation of grants from the Global Fund to Fight AIDS, Tuberculosis and Malaria (GFATM).
Case detection through quality-assured bacteriology
The laboratory network for TB diagnosis by sputum smear microscopy (SSM) and bacteriology is comprised 
Effective supply and drug management system
The NTP and provincial governments have ensured the availability and accessibility of first-line ATT drugs at all levels of the PHC system through locally produced drugs purchased through the federal and provincial budgets or through interim grants from the Global Drug Facility.
Monitoring, evaluation and impact measurement
The NTP is responsible for monitoring the overall programme performance. WHO programme officers, based at national, provincial and district levels since 2003, play a critical role in monitoring 
Public-private mix (PPM)
To introduce TB control according to NTP guidelines into the lagging private sector, the NTP engaged 4 not-for-profit organizations for the implementation of PPM DOTS pilot projects in 30 selected districts (cofunded by GFATM R-2 and R-3 Table 2 presents data from 3 provinces with 90% of all notified cases in 2007. In the 3 provinces combined, 51% of all cases detected by non-NTP providers were new SS+ cases, while among those detected in the public sector, only 39% were new SS+ cases.
Another PPM strategy is "hospital DOTS linkage" which is currently implemented in 27 out of 67 public and private tertiary care hospitals by enhancing laboratory services for SSM, introducing standardized treatment and developing referral systems between the hospitals and peripheral treatment centres through DOTS centres (established under GFATM R-6). Data from districts where DOTS linkages have been introduced showed an increase of up to 50% in case notifications during 2009.
Drug-resistant TB
After achieving countrywide DOTS coverage in 2005, the NTP Pakistan expanded the scope of its activities to include multidrug-resistant tuberculosis (MDR-TB) interventions, as recommended in the new Stop TB Strategy.
Network for culture and drug susceptibility testing of Mycobacterium tuberculosis
A few private and parastatal laboratories located in Karachi, Islamabad and Rawalpindi are externally quality assured for culture and drug susceptibility testing (DST). The NTP is collaborating with the microbiology laboratory of Aga Khan University Hospital, Karachi for capacity building of the public sector.
TB/HIV
Sixteen sentinel sites have been strengthened through collaborative efforts of the NTP, the National AIDS Control Programme and nongovernment partners for screening, care and support of TB/ HIV coinfected patients.
Advocacy, communication and social mobilization
Extensive advocacy, communication and social mobilization activities in 57 districts have laid the foundation for initiating MDR-TB and TB/HIV coinfection interventions. Engagement of mass media took place to improve awareness and reduce stigma. A national advocacy, communication and social mobilization strategic framework, monitoring and evaluation framework, and trainer/ trainee manuals for quality assurance on interpersonal communication have been developed and disseminated.
Operational research
Operational research was a core component of the national strategic and operational plans. The NTP has constituted 1 national and 4 provincial research groups and developed partnerships with the Pakistan Medical Research Council and linkages with international academic and research institutions. WHO 
Discussion
The significant achievements of the NTP in expanding DOTS to the public sector of every district, initiating PPM strategy [12, 13] , and steadily increasing case notification and treatment success rates [14, 15] hinge on sustained Government commitment and funding for TB control, and technical and financial support from national and international partners, including WHO, USAID, DFID, GTZ/KfW, JICA, World Bank and GFATM. A number of research studies conducted in Pakistan have significantly added value to the knowledge and operational capacity of the programme, including the TB health-seeking behaviour and practices of the general population, and have facilitated the design of effective communication strategies [16] [17] [18] [19] [20] [21] . The predictors of default and major barriers to treatment adherence were identified as poor patient-provider interaction and patients' lack of knowledge regarding side-effects and stigma [22, 23] .
Planned interventions to sustain and further scale-up the progress are listed below along with challenges for the future:
• An uninterrupted supply and funding for first-line ATT drugs and commodities has been assured until 2012 through funding from the Government, Japanese Counter Value Funds, Global Drug Facility (grant for paediatric drugs) and GFATM R-8. However, long-term strategies for financing an uninterrupted supply of quality-assured first-and secondline ATT drugs, including paediatric formulations, are needed.
• Expansion of the TB surveillance system and preparation for the TB prevalence survey are ongoing. An electronic nominal reporting system is being introduced through WHO technical assistance. A nationwide prevalence survey is planned for 2010/2011 with technical assistance of the USAIDfunded Tuberculosis Coalition Assistance Program partners: WHO, KNCV, The Union and JATA.
• The engagement of private care providers and parastatal health care facilities, though limited, in establishing DOTS linkages with 27 of 67 teaching hospitals has substantially contributed to the increase in case notifications.
• In view of the health-seeking behaviour in the urban and rural populations, scaling-up of DOTS in the private sector in the remaining 60 districts has been recognized as a prerequisite for increasing case detection, provision of standardized care, and inclusion of other health care providers and the remaining parastatal organizations. Funding for these activities has been secured through GFATM R-9 support.
• Rolling out of the new WHO-recommended treatment regimen (2009) will need strengthening of case management, delegating supervision of treatment from the diagnostic centres to BHUs. Partnering with the Sindh Peoples' Primary Health Initiative and the Punjab Rural Support Programme should enable the effective use of BHUs for TB suspect detection and treatment support.
• Effecting tangible improvement in the drug management system is the prime objective of GFATM R-8, with Greenstar developing a drug management logistics system. The Tuberculosis Coalition Assistance Program supports the NTP in the revision of drug management and forecasting guidelines. As banning across-thecounter sales of ATT drugs is currently not a viable strategy in Pakistan, the NTP has opted to develop a "seal of quality" for locally produced ATT drugs that meets international quality standards, while WHO is engaged in providing technical assistance to local drug manufacturers aiming to attain a prequalification status.
• Rapid improvements in the laboratory network for culture and DST for the diagnosis of drug-resistant TB are prerequisites for its management. Nine laboratories (1 national, 4 provincial, 2 intermediate and 2 in tertiary care hospitals) are currently being upgraded. Four TB culture districtlevel laboratories (1 in each province) will be made functional through GFATM R-6 support while through GFATM R-9 support the laboratory network for culture and DST will be further developed and rapid testing for MDR-TB introduced in 15 tertiary care teaching hospitals.
• Scaling-up of MDR-TB care is an urgent task for Pakistan. WHO estimates an annual incidence of over 13 000 MDR, SS+ cases in Pakistan based on estimates of 3.5% MDR in new cases and 35% in re-treatment cases [24] . A study conducted by the Aga Khan University [25] reports 1.8% primary resistance in a specified annual cohort of notified SS+ new and re-treatment cases. A representative survey in 2010 will determine baseline drug resistance. This is a follow-up on a MDR-TB preassessment conducted by a WHO mission in 2008. Based on the recommendations of this mission, public and private tertiary hospitals have been identified for piloting MDR-TB management through GFATM R-6 support. The NTP and partners have successfully applied to GFATM R-9 to expand MDR-TB diagnosis and care to 80% of the estimated SS+ cases by 2015. In 2009, the ‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫السادس‬ ‫املجلد‬ ‫اإلضاىف‬ ‫العدد‬
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Green Light Committee approved ATT second-line drugs for 1500 cases. Identified challenges for further scaling-up of TB care include: integration of TB control strategies in preservice curricula; upgrading TB control in the new province of Gilgit-Baltistan and intensifying TB control in underserved areas; innovative approaches for enhancing case detection in marginalized groups with limited access to health services, such as workers in the informal sector and periurban slum populations; introduction of an electronic nominal recording and reporting system for monitoring and evaluation of all programme elements; and adaptation of ACSM strategies and correlation of operational research studies with ACSM activities as relevant for all the 6 pillars of the Stop TB Strategy.
With TB DOTS in place at all public facilities in the country, the focus needs to shift to increased case detection by involving the majority of private providers and introducing standards of TB care in social security institutions and the substantial parastatal sector. Although sustaining progress for over a decade, the NTP nevertheless needs to pursue its activities with greater vigour and expanded framework in order to achieve regional and global targets, including Millennium Development Goals. The full adoption of the WHO Stop TB Strategy in the national plan of 2010-2015 will bridge the current gaps. Moreover, the adaptation of the current NTP managerial set-up to future challenges, with continuous and coordinated technical and donor support, will be instrumental for ensuring sustainability and further success.
